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Attention Writers and Editors:

The enclosed article describes research demonstrating for the
first time that cells from the buman colon and rectum, and not part of
the immune aystem, are ausceptible to Infection by the human
immunodef iclency virus (HIY, the cause of AIDS). These infected cells
could disseminate HIV to mmune system cells throughout the body and
seed othar organs such as the brain.

This study will be reported In the Januwary 1987 Journal of
".flrr;l-lg:g!. Flease note that the Information should not be released
before December 11, 1986, If you need additional Information, please
call me or Sandy Hecker, 301-496-5717.

Sincerely,

Gtriein oLkl

Patricia Randall

Chief, Offlce of Research Reporting
and Publlc Response

Hational Institute of Allergy and
Infectious Diseases
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PRODUCTIVE, PERSISTENT HIV INFECTIOM OF HUMAN COLORECTAL CELL LINES

For the first time, sclentlats have found that the AIDS virus can
infect and persist In cells from the human rectum and colon. This
finding may provide one explanation for the high Incldence of AIDS
among persons practicing anal Intercourssa,

Dr. Malcolm A. Martin, Chlef, Laboratory of Molecular
Microblology, Hatlional Institute of Allergy and Infectlious Diseases
(NIAID), Matlonal Institutes of Health (NIH) and his colleagues showed
that the wlrus responsible for AIDS, the human Irmunodeficlency virus
(HIV), can Infect and multiply In these cells and release additional
viruses for more than 10 weeks after Infection. This study
demonstrates that Infected cells of the colon and rectum could be
sources of continued spread of HIV to immune system cells throughout
the body, such as those In the brain.

Previous studies have identified immune system cells as targets
for HIV Infection. In an effort to identify other susceptible cells,
Dr. Martin and his colleagues tested 13 types of caells for
infectiblility with HIV. These cells were from a wide range of human
Lissues that are not part of the Immune system, such as Tung,
pancreas, and ovary. They found that three of five cell samples from
the colon or rectum (colorectal cells) could be Infected with HIV:
none of the other cell types tested were Infectible. Further, the
infectible cell types were shown to produce the genetlc material CRRAD
that codes for a molecule called CD&, the same molecule found on The
surface of T4 and other Immune system cells knowr to be targets for
HIV Infection. The noninfectible cell types did not produce CD4G RMA.
These results suggest that cells of the colon and rectum may be
portals of entry for HIV because they have CDG cell surface receptors.

For this study, the researchers used cancerous forms of tha 13
samples of cells because the corresponding normal cells will not grow |
in the laboratory In cell culture, the only way these cells can be
studied directly. These cancerous cells have most of the features of
normal cells, bub unl ke normal cells they can be maintained In cell
culture Indafinitely. The researchers also tested non-concerous cells
from normal human colon muccsa (membrane surface) and found that CD4
PHA was present. That Is, normal colon cells as well as cancerous
ones have the genetic material for the cell surface receptor called
COs .



Dr. Martin speculates that the CDU cell surface receptor is
prasent sometime durlng the normal 11fe of colorectal cells, which
then makes the cells Infectible with HIV. Because cancer, in effect,
stops cell development at the time the cell became cancerous, the two
colorectal cell samples that did not have CD4 cell surface receptors
may have been at another stage In colorectal cell 1ife when CD4 Is pot
prosant.

Thils research Is reported In the January 1987 Journal of Virology
and is entitled "Productive, Perslistent Infection of Human Colorectal
Cell Lines with Human Immuncdeficlency Virus."

The authcrs are Drs. Akic Adachi (1,4), Scott Koenlg (2), Howard E.
Gendleman (1), Daryl Daugherty (1), Sebastiano Gattoni-Celll (3),
Anthony 5. Faucl c?:’; and Malcolm A, Martin €1},

(1} Laboratory of Molecular Microblology, and (2) Laboratory of
Immunoregul ation, NIAID, NIH, Bethesda, MD; (3) Gastrointestimal Unit,
Harvard Medical School, Massachusetts General Hospital, Boston;

(4} current address: Institute for Virus Research, Kyoto University,
kyoro, Japan
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Productive. Persistent Infection of Human Colorectal Cell Lines
with Human Immunodeficiency Virus
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Thirieen adhereni human non-lymphocyie cell lHnes were iested for their suscepiibility o infection by hwman
immunodeficiency virus, Productive infection could be demonstrated in three of five codorecial carcinama cell
lines examined; the other cight human non-lymphocyte el lines were uninfectible. A susceplible coloan
carcinoma cell line {HT29), a3 well a3 normal colonbe mucods, was shown o contain & J.0-kilobase species of
palvial® Chd RNA, whersas uninfectible colon carcinoma and rhabdomyosarcoma cell lnes synihesized no
deteciable T4 RNA. A porsistently infected colon carcinoma cell line was established that continaed lo prodsce
progeny human immunodefichency virus for more than 10 weeks postinfection.

The human immunadeficiensy virus (HIVI has been 50-
lated from the penipheral blood (14, 23). semen (L1, 23, 363,
vaginal Aupd (24, 255, saliva (11, 230, and tears (61 of exposed
individuals. HIY 15 not a casually transmitted agent. amdng
I1||;|1-riﬂ; groups the virus is spread 1¢1I.l.ld|:!|- OF subsequent Lo
parental inoculation attending the use of alicin drugs or
administration of blood products (35,

The climcal mamdestations of HIV infection are thought to
be due to selective tropism for the OKT4/Leu-3 subset of
human T lymphocyies both i viva (9. 100 and in viteo (4, 150
The virus readily imfects and kills lymphocyies expressing
the COH molecule, Several reports have also shown that
HIV is capable of infecting certain established human B cell
limes i 17, 20h and monoc yvie-macrophage cell lines (7, 13, 17
In wive. it has also been aoted that macrophages are the
mapor targets for HIY in the central nervous system i 165,

We have recently evaluated the susceptibility of several
human and monbuman cell Lines to tramsfection with an
infecuous molecular clome of HIY (1), Those studies dem-
onslrated that viral RMA and proteins were synthesized amd
assembled imo infectious progeny vimons in a vamety of
nonlymphosd human, moakey. mink. and mouse cells after
the introduciion of cloned proviral DN A. Expression of HIV
wiad montared by in vt hybrdization or coculbvation of
tranafected cells with & CO4° human T cell line. The results
ohlained wggested ihe absence of any intracellular obstacle
1o viral RMA or protein synthesis and assembly and indi-
cated that interaction of HIY particles and their receptortsh
during the initial stages of virus infection was the major
determinant of cell tropism.

Durning the course of the (ransfection studies. experimenits
were initkated 1o ascertain whether some of the same human
lines could be direcily infected with virus. The 14 cell lines
listed im Table 1 were infected with the lymphadenopathy-
associated wirus LAV strain (2) of HIV at & multiphcaty of
infection | MOT) of approximately 0.1, AX01 cells, a CD& 7,
IL-2-independent. and hypoxanthing-aminopienn-thy-
midine-sensitive denvative of the CEM cell line, had prévi-

*.I_'-:rrumm;um: author
* Present address: laseituse for Virus Researeh, Kyoio Lsiver-
sily. Kyoto 6. Iapan,

ously been dhown to support productive virus infection
efficiently i 3) and served as a positive conrol. Since none of
the ecell himes listed in Table 1, except AN.0L, would be
expected to express the pulative receplor for HIY . it seemed
wery unlikely that progeny vinons generated from a pnmary
infecuon could spread to other cells in the culture. Virus
infection was initially evaluated by in situ hybrdization 3, 7,
and 14 days postinfection, Only 2 of the L1 non-lymphocyte
cell lines (the HTZ% and 5W4B0 lines. both of which were
derived from colon carcinomas) synthesized HIY BRNA
response to viral infection i Fig. 1A and B Table L1 Approx-
imately 10F cells were analyzed i each evpenment. Thise
cells containing =10 grains above background (0 1o § grains
per celll were scored as postive. The percentages of HTI9
cells expressing viral RNA were 0,05, 0.1, and 0.05 on days
3. 7. and 14 postinfection. respectively. The SW4E0 colon
carcinoma line was leds susceptible 1o viral infection, con-
taining 0.00% positive cells on day 7, Infection of HT29 and

TABLE 1. Suscepubility of human cell lines 1o HIY mlecnion®

Indection monmored By

Cell Diessmpdion e

11,73 o xplls s Danion 1 Ul ] e
Al T=eell lewkema - *
A0 Fhabgdomyosarcoma =
CHP1M& Neuroblastoma vy =
VG Feaal gliald - D
HMB2 Melanoma & -
AR Lung cacinoms =
CAPAN-1 Pancresiss carcinoma -
SK-0V-3 Orwvanan carcinoma = 3
T47D Breasl carcinoma - e
CaCie-2 Colos carcinoma -
SK-CO-1 Colos carcinoma -
HT-2% Colon carcinoma -
Sl Colen cancinoma *
W 4aT Rectal carcimoma 0 -

4 T taoer of 1B LAY siock used o8 thets 0upenmEnls = a3 deinmuned By
gl poinr dileion ssd BT sssay in AL celli (90 T sl convained
soaroumalely L afectious uniivml Adherest cell culture sefe iubaied
wurlly wops | VOO, 3 LD i the prewence of Polyssens 12 g mikfor 180, i = hn
hifie Trea eepdiam way addbed

= N, Mol done
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SW4R0 cells with LAY was repeated, and the same in situ
hybridization results were obtaimed. The amount of HIV
RNA synthesized in positive HT29 and SW4BD cells. as
monitered by the number of grains, was comparable to that
present in positive cells from a virally infected T4 clonal
cell line (Fig. 1D) obtumed by preparative flow cylometry
and limiung diluton of OKT4® penpheral-blood lympho-
cytes from & normal individial.

As a control for this expenment, RNA probes with the
same polanty as viral mENA were synthesized and used in
i ity hybrdization expenments. No specific annealing was
observed in duplicate expenments with any of the 12 cell
lines listed in Table 1. Imn addinon. no hybndization was
observed when RN A probes complementary to HIY mRNA
were anncaled o preparations of unmfected cell cultures
iFig. 1Ch.

The expected absence of the T4 determinant on the
surface of the non-lymphocyte cells listed in Table | would
most likely preclude the secondary spread of nput HIV. To
amplify any progeny virions produced. CD4° A3.01 celly
were cocultivated with the infected non-ly mphocyie cultures
21 davs posunfection. Yirus was detected in the HT29 and
SWAR0 codom carcinoma cell lines cocultured with AJ.0U
cells (Fig. 21 by reverse transcnptase (BT assays. In addi-
upn, producton of HIV could also be demonstrated in a
thitd codorectal carcimoma line. SWI46Y, by the coculuva-
tion procedure: none of the other nine non-lymphocyie lings
examined were susceplibbe 10 wirus infection (Table 1
Progeny virus parmicles appeared much earlier ia HT29 cells
than in the SW4B0 and SW L1263 cell lines (Fig. 20, This most
likely reflecis a more efficient primary wiral infectuon of
HTX® cells and is comsistent with the higher proporion
{0, 1500 of positive cells monitored by in situ hybndization.

In experiments using the cocultivation-BT assay proce-
dure to detect progeny vinons, we were imitally concerned
abowl the possibility that the input virus inoculum might
adsorb to or asseciate with the nonlymphosd cell cultures for
long periods of time yet fail to initiate a productive infection.
Any residual replication-competent virus preseni in the
system would be capable of infecting the AY.0L cells which
were added to amplify the HIV. This would regster as &
falee-positive result. This is actually what occwrred in &
preliminary experiment in which CD4" A3.01 cells were
cocultivated with non-lymphocyte cultures early in infec-
lon. The “‘progeny’” wvirus detected by the coculture-RT
assay procedure in some of the mfected cell lines 7 davs
postinfection clearly reflected the presence of residual input
virus since wmulianeous in sitw hybndieation analyses of the
same cells were invanably neganve, In contrast, when the
A0 cells were added 21 days postinfection, progeny vins
could only .be demonstrated in the three colorecial carcis
noma cell lines; HIV was never detected in the nine other
non-lymphocyte lines examined under these conditons
iviz,, addition of AX.01 cells 21 days postinfection and
maintenance of the cocultures for 24 days),

An intnguing aspect of HIV infection of colorectal carci-
noma cell lenes that also validated the results obtained with
the coculuvation-RT assay procedure was the apparent
chronicity of virus production, A persstently infected HTI9
cell culture was evablished that contmued to synthesize
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FlG. 2. Detectson of progeny HIY prodeced in three human
colarectal carcinoma cefl leney. HTI9 (), SWARD i &b, and SWE4A]
il celly were nfected sl LAY at an MO of 0.1 Tweniy-one
days postinfection. 1 w 0P cells were cocultured wih L0 AL01
Celly, and BT activwly sn e cultune medoum (65 wl) was monslored
i5i om the davy indstated.

progeny virions more than 10 weeks postinfection | Tabkle 2)
Al the present lime. the siate of the viral genome, as well as
the mechanismis) responsable for contimuous vires produc-
tian, 15 unknown and is being actively investigated. It is not
clear whether HIV &5 chronically produced by a small
fraction of HT29 cells or whether a minonty of the cells are
susceptible to infection, are Killed duning the process of viral
replication, and release progeny particles which could then
infect other susceptible colorectal carcimoma <ells.,

The colorectal carcinoma cell lines wsed in thes stedy were
characterized in our laboratory subsequent 1o their receipi
from the Amencan Type Culture Collection iRockwlle,
¥d.). By using a monoclonal antibody (COL-4) which cross-
reacis with the carcinsembryonic anligen present in Auman
colon carcinomas (215, we obterved reactivity with the five
colorectal carcinomas, the CAPAN-] pancreat carcinema,
wrd the SE-0%-1 gvanan carcinoma lines lisied in Takle |
by uung a modification of the avidin-brohin-immunaperoi-
dase techngue (),

e ————

FEG. 1. Insitu hybndization of HIV-miected cells. The SWARD A1 and HT 25 i Bi colon carcimoma cell lines weid anfectad wah the LaV
atrmn i 2 of HIY atan MO0 ol 0.1, 8 cloned buman T4 cell hine propagated wn the presence of phytohemagglutisun i was salecied 51 as M
af 000, Cells were hareested 71 SWARD ard HT 29 or 9 Hinfected T4~ ivmphocyie limeh dayi postinlectuon and subjested 1o o siw by BRdizason
ay previously described (1) Mock=infecred HT29 100 celly were similarly examined Magrification. = 400,
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TABLE ). Peruistence of HIV infection in HT2Z9 cells®

Dy By poaa BT activiy
iiﬂm coculiure " cpmbd wlk
H ] ;& |

h 0.5

81 5000

I3 L3 0

14 TN ]

16 Ll

14 10

al 4.5

LL} 1 4
& P4

i 470

12 1150

-1 450

15 178

44 i 5.1
T 41

10 1.7

12 138

14 Lih 0

L& BT O

! ] L] an
7 1%

1] LU

iz L& 7

I4 L

¢ |nfgcsed HTIF cella 12 = L0 ware cossfivaled wah A800 cella 01070 o6
ehe davh mdicaned, and che weenoy of BT &twly & (he mediam of e
vuultate wene denermaned.

The colorectal carcinoma cell lines were also examined for
expression of CD4 gene products which have bean shown (o
be associated with the cellular recepior for HIV 04, 15, 195,
Despite numerous attémpts, we were unable Lo detect T4
proteins unambiguously on the surface of susceptibbe human
colon carcinoma cell lines by using monocional antibodies in
indirect immunofluorescence, Aow CyLoMErY, OF IMMUND-
peroxidase assays. In comrast, CD4-specific RINA could be
demonstrated in ifectible cell lines but not in those refrac-
tory to virus infection (Fig. 31, PolyiA)" BENA was prepared
from HMT29 icplon carcinomal, CaCO? (colon carcinomal.
ALOL(T4" Iymphocytic leukemial, and AZM irhabdomyo-
sarcomal <ell lines and analyzed by Norhem blot hybnd-
ization with a T4 cDMNA probe (18). A strongly resclive
10-kilobase RMNA specwes was readily demonstrable in the
T4* ALOL lymphocyte Line (Fig. 3. lames a and bl A
comigrating specees of CD4 RNA was also present in the
infectible HTZ9 colon carcinoma cell line (Fig. 3. lane <) but
mot in the CaCO2 colon carcinoma or AZDM rhabdomyosar-
coma cell line (Fig. 3, lanes d and e). both of which were
refractory 1o HIV infection (Table 11, Based on band inten-
sity and exposure time, we eslimate the amount of sable
COs RMNA in HT2¥ cells to be approximaiely 27 of that
present in the A3.01 Iymphosyus leukemia ling, In a sepa-
rate experiment. polylAl”™ RMA was prepared from human
sigmold colon mucosa obiained from a patient undergoing
resection for diverticulosis. The mucosa was dissected away
from the underdying musculams and submucosa Layers.
Gross and histological examinations revealed no cvidence of
inflammation or perforation. The 3 0-kilobase CDd-reactive
band was readily visualized in the colon mucosal RMNA
preparation | Fig. 1. lane 0.

. Vimod,

The demonstrated suscepuibility of three of five human
colorectal carcinoma cell lines to infection by HIY has
potential eprdemiologic implicanons. A sened of expen-
ments are currently under way. Colorectal buapsy specimens
from homosexual acquired immunodeficiency syndrome pa-
nients are being examined by in st hybndization, Attempls
are also being made 1o infect pnmary colon cells im culture o
establish a more physiologie i viteo cell eulture system.

Although only a small fraction (up to 0.1%) of HT29.
SWAED, and SW1483 cells were shown to be directly infect-
ibile with HIV. this level may be significant of conssdered in
the context of infecteon in wivo. When penpheral-blood
Iymphocytes obtained (rom indiveduals with acquired immu-
npdeficiency syandrome-related complex of acquired immu-
nadeficiency syndrome were evalsated by in situ hybndiza-
tion, only % to 10 per 10* cells actively symthesized wiral RN A
112: 5. Koenig and H. Gendelman. unpublished datal, In a
related expenment, we examined the effects of phytohemag-
glutinin on the susceptibility of a T4 clonal line (obtaned by
preparative flow cytometry of normal penpheral blood [ym-
phocytles followed by limiting dilutiond to infection with
HIV. In the absence of phytohemagglutinm, only 0,01 o
0.1% af infected T4 cells were posimive by in situ hybrdiza-
teon dunng a J-day observation penod (5. Koenig, unpub-
lished datal, In contrast, more than 309% of the T4 cells
actiwely synthesized viral RNA of they had been stimulated

abcde

18.

FIG. 3. T4 RMA expression in different human cells. Palpial’
RMA (5 wg) way electrophoresed through a 17 aga-
rose—lormaldetyde gel, Blotted onto nitrocellslose. hybndized with
5 “Pdabeled T4 cDNA probe. and washed as preveously descnbed
(33, RNAs wene poepkred from llames) Td® A3 01 lymphociiic
ieakemia celli ta and by, HT2® colon cancinema cells ici. CalCO2
colon carcinoma ¢elly (d), A rhabdomyosarcoma cells fel. and
mormal husman colos mucosal cells (). Aurormdogram expoiures
were Fof (lanes) 3 (xh, T3 ib amd ci1. % id and el and 48 10 h. Sape
markers were 8.3 and }0kibobase munne leukemma and menk call
focus-forming vl RMAs ilanes a 1o ¢F and ZBS and LBS fENAs
ilane i
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with phytohemagglutinin before infection. The small fraction
of susceptible colorectal carcinoma cells we observed could
reflect the low levels of CD4 expression detected in these
cells. Since similar amounts of T4 BMA were also demon-
strated in normal colon mucosa, it (s rempling {0 hypothesize
the establishment of a chroaie mfection at this site in viva
which could ultrmately resull in disseminatson of the virus 1o
cells of the lymphocyiic and monocytic senes and, in some
cases, lead to the development of the acquired immunodefi-
ciency syndrome disease complen,

Wi thank B. Johnson for techrical sssistance snd 5. Roveafeld for

prepaning lbe manuscript. The monocional asubody COL-4 and
VG cells were generocus pfts of |, Schlem and E. O Magor,
respectively.
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